Physical geometry studies mutual disposition of geometrical objects and points in space, or space-time. One suggests a new general method of the physical geometry construction, when geometry is described completely by one function of two points. Deterministic space-time geometries with primordially stochastic motion of free particles and geometrized particle mass appear to be possible. Using the space-time geometry defined properly (with quantum constant as an attribute of geometry), one describes quantum effects as a result of the statistical description of the stochastic particle motion (without a use of quantum principles).
Geometry lies in foundation of physics, and true conception of geometry is very important for consequent development of physics. It is common practice to think that all problems in foundations of geometry have been solved many years ago. Unfortunately, the contemporary conception of geometry is too complicated, because it contains concepts, which has no relation to the geometry in itself, but only to the means of the geometry description. We are going to show that the conception of geometry may be formulated very simple, provided extrinsic concepts were removed.
The proper Euclidean geometry is a foundation for construction of other geometries. Any geometry is a result of modification of the proper Euclidean geometry. On one hand, the Euclidean geometry is a logical construction, based on a system of axioms. On the other hand, the Euclidean geometry is a science on mutual disposition of geometrical objects and points in the space. One can construct new geometry, changing axioms of the Euclidean geometry, i.e. substituting some axioms by other ones. At such a modification we obtain homogeneous geometry, where all points have similar properties as in the Euclidean geometry. Geometry as a logical construction is interesting mainly for mathematicians. Well known mathematician Felix Klein [1] believed that only homogeneous geometry deserves to be called geometry. It is his opinion that the Riemannian geometry (inhomogeneous geometry) should be qualified as a Riemannian geography, or a Riemannian topography. In other words, Felix Klein considered geometry mainly as a logical construction.
Physicists are interested in geometry mainly as in a science on mutual disposition geometrical objects in the space, or in the space-time. Such geometries are inhomogeneous as a rule. The main characteristic of mutual disposition of points in the space is the distance ρ (P, Q) between any two points P and Q of the space. The quantity ρ (P, Q) is called metric. In the space-time the metric is imaginary for spacelike distances. It is more effective to use the quantity σ (P, Q) = 1 2 ρ 2 (P, Q), which is called the world function [2] . The world function of the space-time is always real.
We shall refer to the geometry as a science on mutual disposition of geometrical objects as a physical geometry, whereas the geometry as a logical construction will be referred to as a mathematical geometry. The methods of construction of mathematical geometry and that of physical geometry are quite different. In general, a physical geometry cannot be constructed as a logical building, because any change of world function should be accompanied by a change of axiomatics. This is practically aerial, if we take into account that the set of possible physical geometries is a continual set. There is a very simple method of construction of physical geometries.
Let us imagine that the proper Euclidean geometry G E can be described in terms and only in terms of Euclidean world function σ E . It means that any geometrical object O (σ E ) and any relation R (σ E ) between geometrical objects in G E can be described in terms of the Euclidean world function σ E . To obtain corresponding geometrical object O and corresponding relation R between the geometrical objects in other physical geometry G, it is sufficient to replace the Euclidean world function σ E by the world function σ of the physical geometry G. Thus, one can obtain another physical geometry G from the Euclidean geometry G E by a simple replacement of σ E by σ. For such a construction one needs no axiomatics and no logical reasonings. One needs no means of descriptions (topological structures, continuity, coordinate system, manifold, dimension, etc.). In fact, one uses axiomatics of the Euclidean geometry, which is deformed by the replacement σ E → σ. This replacement may be interpreted as a deformation of the Euclidean space. Absence of a reference to the means of description is an advantage of the considered method of the geometry construction. Any physical geometry may be constructed as result of a deformation of the Euclidean geometry.
We shall refer to this method of the physical geometry construction as the deformation principle and interpret the deformation in the broad sense of the word. In particular, deformation of the Euclidean space may transform Euclidean surface into a point, and Euclidean point into a surface. Such a deformation may remove some points of the Euclidean space, violating its continuity, or decreasing its dimension. Such a deformation may add supplemental points to the Euclidean space, increasing its dimension. In other words, the deformation principle is a very general method of the physical geometry construction. The deformation principle is not new. Its application for construction of physical geometry is known. For instance, when, constructing the Riemannian geometry, we replace Euclidean interval
we use the deformation principle. Unfortunately, constructing the Riemannian geometries, we use conventionally not only the deformation principle. We use in addition such means of description as dimension, continuous coordinate system and concept of a curve. Concept of curve L, considered as a continuous mapping
is a topological structure, which cannot be expressed only via metric. The fact is that application of only deformation principle is sufficient for construction of a physical geometry. If we introduce additional structure (for instance, topological structure) we obtain a fortified physical geometry, i.e. a physical geometry with additional structure on it. The physical geometry with additional structure on it is a more pithy construction, than the physical geometry simply. But it is valid only in the case, when we consider the additional structure as an addition to the physical geometry. If we use an additional structure in construction of a geometry, we identify the additional structure with one of structures of the physical geometry. If we demand that the additional structure to be a structure of physical geometry, we restrict application of the deformation principle and reduce the list of possible physical geometries, because coincidence of the additional structure with some structure of a physical geometry is possible not for all physical geometries, but only for some of them. For instance, if we identify the topological curve (1) with the "metrical" curve, defined as broken line (or its limit)
consisting of the straight line segments T [P i P i+1 ] between the points P i , P i+1 , we reduce the list of possible geometries, because such an identification is not possible in all physical geometries. It is possible only in some of them. Identifying (1) and (2) we eliminate all discrete physical geometries and those continuous physical geometries, where the segment T [P i P i+1 ] of straight line is a surface, but not a onedimensional set of points. The crucial point of the physical geometry construction is the description of the Euclidean geometry in terms of the Euclidean world function σ E . We shall refer to this method of description as the σ-immanent description. From physical viewpoint such a description is very reasonable. Unfortunately, it was unknown for many years, although all physicists knew that the infinitesimal interval (dS)
is the unique essential characteristic of the space-time geometry and, changing this expression, we change the space-time geometry. Developing the distance geometry, Menger [3] and Blumenthal [4] tried to obtain the σ-immanent description and to obtain a more general geometry, than the Riemannian one, but they failed. At first the σ-immanent description was obtained in 1990 [5] The σ-immanent description of the Euclidean space is a pure mathematical problem, which is solved by the prove of the following theorem.
Let σ-space V = {σ, Ω} be a set Ω of points P with the given world function σ σ :
The σ-space V is the n-dimensional Euclidean space, if and only if the world function σ satisfies the following conditions, written in terms of the world function σ. I. Condition of symmetry:
II. Definition of the dimension:
where F n (P n ) is so called Gram's determinant
The scalar product (P 0 P 1 .Q 0 Q 1 ) of two vectors P 0 P 1 and Q 0 Q 1 is defined by the relation
Vectors P 0 P i , i = 1, 2, ...n are basic vectors of the rectilinear coordinate system K n with the origin at the point P 0 , and metric tensors g ik (P n ), g ik (P n ), i, k = 1, 2, ...n in K n are defined by the relations
III. Linear structure of the Euclidean space:
where coordinates x i (P ) of the point P are covariant coordinates of the vector P 0 P, defined by the relation
IV: The metric tensor matrix g lk (P n ) has only positive eigenvalues
V. The continuity condition: the system of equations
considered to be equations for determination of the point P as a function of coordinates y = {y i }, i = 1, 2, ...n has always one and only one solution. Thus, to construct a geometrical object O in the physical geometry G, described by the world function σ, we should to construct σ-immanent description of this object in the proper Euclidean geometry G E and replace the Euclidean world function σ E in the expression for this object by σ. There is a subtlety. Constructing geometrical object in the Euclidean geometry we should not refer to dimension n of the Euclidean space, because the dimension is connected with special properties of the Euclidean space, described by the conditions (5) -(12) of the theorem. Special properties of the Euclidean space cannot be used, because they are deformed at the replacement σ E → σ. Details of presentation of physical geometries can be found in [6, 7] .
Let us demonstrate this subtlety in the simple example of the determination of the straight in the three-dimensional Euclidean space. The straight T P 0 Q in the proper Euclidean space is defined by two its points P 0 and Q as the set of points R, defined by the relation
where R is the running point of the set T P 0 Q , and condition P 0 Q||P 0 R means that vectors P 0 Q and P 0 R are collinear, i.e. the scalar product (P 0 Q.P 0 R) of these two vectors satisfies the relation
where the scalar product is defined by the relation (7). Thus, the straight line T P 0 Q is defined σ-immanently, i.e. in terms of the world function σ.
In the Euclidean geometry one can use another definition of collinearity. Condition of collinearity of vectors P 0 Q and P 0 R is satisfied, if components of vectors P 0 Q and P 0 R in some coordinate system are proportional. For instance, in the 3-dimensional Euclidean space one can introduce rectangular coordinate system, choosing four points P 3 = {P 0 , P 1 , P 2 , P 3 } and forming three basic vectors P 0 P i , i = 1, 2, 3. Then the collinearity condition can be written in the form of three equations, with two of them being independent
Here a is some constant. Relations (15) are relations for covariant components of vectors P 0 Q and P 0 R in the considered coordinate system with basic vectors P 0 P i , i = 1, 2, 3. Then the geometrical object
defined according to (15) depends on five points P 0 , Q, P 1 , P 2 , P 3 . This geometrical object is a complex, consisting of the straight line and the coordinate system, represented by four points P 3 = {P 0 , P 1 , P 2 , P 3 }. In the Euclidean space the dependence on the choice of the coordinate system and on three points P 1 , P 2 , P 3 determining this system, is fictitious. The geometrical object T P 0 QP 1 P 2 P 3 depends only on two points P 0 , Q and coincides with the straight line T P 0 Q . But at deformations of the Euclidean space the geometrical objects T P 0 QP 1 P 2 P 3 and T P 0 Q are deformed differently. The points P 1 , P 2 , P 3 cease to be fictitious in definition of T P 0 QP 1 P 2 P 3 , and geometrical objects T P 0 QP 1 P 2 P 3 and T P 0 Q become to be different geometric objects, in general.
What of the two geometrical objects should be interpreted as the straight line, passing through the points P 0 , Q in the deformed geometry G? Of course, the straight line is T P 0 Q , because its definition does not contain a reference to a coordinate system, whereas definition of T P 0 QP 1 P 2 P 3 depends on the choice of the coordinate system. In general, definition of geometric objects and relations between them are not to refer to the means of description.
But in the given case the geometrical object T P 0 Q is, in general, two-dimensional surface, whereas T P 0 QP 1 P 2 P 3 is an intersection of two two-dimensional surfaces, i.e. T P 0 QP 1 P 2 P 3 is, in general, a one-dimensional curve. The one-dimensional curve T P 0 QP 1 P 2 P 3 corresponds better to our ideas on the straight line, than the two-dimensional surface T P 0 Q . Nevertheless, it is T P 0 Q , that is an analog of the Euclidean straight line in physical geometry G.
It is very difficult to overcome our conventional idea that the Euclidean straight line cannot be deformed into many-dimensional surface, and this idea has been prevent for years from construction of physical geometries. Practically one chooses such physical geometries, where deformation of the Euclidean space transform the Euclidean straight lines into one-dimensional lines. It means that one chooses such a geometries, where geometrical objects T P 0 Q and T P 0 QP 1 P 2 P 3 coincide.
Riemannian geometries satisfy this condition. The Riemannian geometry is a kind of physical geometry which is constructed on the basis of the deformation principle, when the infinitesimal Euclidean interval is deformed into the Riemannian interval. Deformation is chosen in such a way that any Euclidean straight line T EP 0 Q , passing through the point P 0 , collinear to the vector P 0 Q, transforms into the geodesic T P 0 Q , passing through the point P 0 , collinear to the vector P 0 Q, in the Riemannian space. Condition (17) of coincidence of objects T P 0 Q and T P 0 QP 1 P 2 P 3 restricts list of possible physical geometries, reducing it to the class of Riemannian geometries.
Note that in physical geometries, satisfying the condition (17) for all points Q, P 3 , the straight line T Q 0 ;P 0 Q , passing through the point Q 0 collinear to the vector P 0 Q, is not a one-dimensional line, in general. If the Riemannian geometries be strictly physical geometries, they would contain non-one-dimensional geodesics (straight lines). But the Riemannian geometries are not strictly physical geometries, because at their construction one uses not only the deformation principle, but some other methods, containing a reference to the means of description. In particular, in the Riemannian geometries the absolute parallelism is absent, and one cannot to define a straight line, passing through the point Q 0 collinear to the vector P 0 Q, provided points P 0 and Q 0 do not coincide. On one hand, lack of absolute parallelism allows one to go around the problem of non-one-dimensional straight lines. On the other hand, it makes the Riemannian geometries to be inconsistent, because they cease to be physical geometries, which are consistent by the construction (see for details [8] ).
Nondegenerate physical geometry is such a physical geometry, where the straight lines T P 0 Q , defined by (13), (14) are tubes, which do not degenerate into onedimensional lines. Such geometries are known as tubular geometries (T-geometries). T-geometry has important application in the theory of the microcosm space-time. In the nondegenerate space-time geometry the particle mass is geometrized, and the free particle motion is primordially stochastic. These properties follow freely from representation of the world tube of a particle in the form (2) , where any segment T [P i P i+1 ] describes the particle momentum P i P i+1 and the particle mass µ = |P i P i+1 | = (P i P i+1 .P i P i+1 ) = 2σ (P i , P i+1 ). For a free particle the adjacent segments are parallel P i−1 P i ↑↑ P i P i+1 . In nondegenerate geometry there are many vectors P i P i+1 , which are parallel to P i−1 P i . There is no rigid connection between the adjacent links, mutual orientation of links is random, and the shape of the world tube appears to be stochastic. Characteristic angle ϑ between two different position of the link is of the order √ d/µ, where √ d is the characteristic width of the segment T [P i P i+1 ] . This width is connected with the T-geometry distortion Experiments show that free particles of microcosm (quantum particles) move stochastically, and this stochasticity depends on the particle mass. Intensity of the stochasticity is described by the universal constant . The reason of stochasticity is unknown, and it would be reasonable to explain the stochastic motion of particles as a primordial property of the space-time geometry. In the space-time, whose geometry is the Minkowski geometry, the particle motion is primordially deterministic. It is primordially deterministic in any space-time, which is described by a Riemannian geometry. Besides, in any Riemannian space-time the free motion of a particle does not depend on the particle mass. Using stochastic space-time geometry, we can explain stochasticity of the free particle motion, but without going outside the framework of Riemannian geometry we cannot explain dependence of the quantum stochasticity on the particle mass.
Using T-geometry as a space-time geometry one can freely explain stochastic motion of free particles. Besides, the space-time geometry can be chosen in such a way that the statistical description of the stochastic free particle motion coincide with the quantum description in the nonrelativistic approximation [9] . In this approximation asymptotic distortion can be estimated by the expression d = 0.5 (bc) −1 . Here is the quantum constant, c is the speed of the light, and b is some universal constant, connecting the geometrical mass µ with the usual particle mass m by means of relation m = bµ. (See details in [9] ). The quantum constant appears to be an attribute of the space-time geometry, and the quantum principles appear to be not needed for explanation and description of quantum effects.
Further development of the statistical description of geometrical stochasticity leads to creation of the model conception of quantum phenomena (MCQP), which relates to conventional quantum theory approximately in the same way as the statistical physics relates to the axiomatic thermodynamics. MCQP is the well defined consequently relativistic conception with effective methods of investigation [10] , whereas the conventional quantum theory is not well defined, because it uses additional hypotheses (quantum principles) and has problems with application of nonrelativistic quantum mechanical technique to description of relativistic phenomena.
